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Summary   Nabarlek is a decommissioned uranium 
mine in the Northern Territory 270 km east of Darwin. 
The minesite was revegetated predominantly with na-
tive species in 1995, with the objective of achieving 
a ‘self-sustaining woodland that blends in with the 
surrounding savannas’. The success of revegetation 
was assessed in the 2003 dry and 2004 wet seasons. 
The impact of weeds on vegetation composition and 
ecological function was investigated. Eleven grass 
weed species and 17 forb weed species were found 
in the wet season and comprised 48% of all species 
on mine sites with a ground cover of 55%. Only three 
weed species were found on adjacent natural reference 
sites. Species richness and abundance (% cover) of 
native ground cover plants were negatively correlated 
to richness and abundance of weeds. Weed abundance 
(% cover) decreased with increasing density of trees 
and shrubs. Grass biomass on the minesite was twice 
that of reference sites (5.0 cf. 2.5 t ha-1 ODW) in 
the late dry season, substantially increasing the risk 
of fire. Grasses on the minesite were mostly weeds 
such as mission grass (Pennisetum polystachion (L.) 
Schult. and Pennisetum pedicellatum Trin.), para grass 
(Urochloa mutica (Forssk.) T.Q.Nguyen) and Rhodes 
feather top (Chloris virgata Sw.). Woody seedlings 
were common on reference sites but none were found 
on mine sites. Weeds persist on the minesite because 
of the huge build up of a soil seedbank (mean 1518 
weed seeds m-2) whereas reference sites has few weed 
seeds in the soil (5 m-2). Weeds had a major impact 
on vegetation composition and possibly on ecological 
function.
Keywords    Minesite,  revegetation,  grasses, 
 weeds,  fire,  soil seed bank.
INTRODUCTION
Nabarlek is a former uranium mine located in western 
Arnhem Land, Northern Territory. The ore body, dis-
covered in 1970 by Queensland Mines Limited (QML), 
was mined and processed between 1980 and 1994. 
Rehabilitation earthworks commenced in mid-1995 
with the minesite revegetated by direct seeding in late 
1995. In 1993 QML and the Northern Land Council 
agreed in a Settlement Deed that the primary objective 
of the revegetation program was to return mined areas 
‘to a self-sustaining woodland community that blends 
in with the surrounding savannas’ (Prendergast et al. 
1999). After Prendergast et al. (1999) reported that 
revegetation progress at Nabarlek was unsatisfactory, a 
workshop was sponsored by the Supervising Scientist 
Division in 2000 to review rehabilitation issues (Klessa 
2001). Workshop delegates concluded that revegeta-
tion did not meet stakeholder expectations and that 
more information was required. In 2003, the Alligator 
Rivers Region Technical Advisory Committee (AR-
RTC) recommended that the Environmental Research 
Institute of the Supervising Scientist (ERISS) assess 
revegetation performance. This paper reports results 
on the status and potential impacts of weeds on suc-
cessful re-revegetation at Nabarlek.
MATERIALS AND METHODS
Study site   The natural vegetation surrounding the 
minesite comprise two communities at either end of 
a topography drainage spectrum: closed woodland 
(dry sclerophyll forest) dominated by Eucalyptus 
spp.; and riparian forest dominated by Melaleuca spp. 
and Pandanus spp. Ground cover includes annual and 
perennial grass, herb and sedge species. 
Vegetation survey design   The rehabilitated minesite 
and adjacent natural reference areas were stratified 
into six sampling sites to systematically encompass 
variation in ground surface features (mine sites: evapo-
ration ponds 1 and 2; waste rock dump; and mine pit; 
reference sites: eucalypt woodland and riparian forest). 
Three 50 m transect replicates were located randomly 
in each strata. Along each transect three 10 m × 10 m 
plots were used to estimate canopy and ground 
cover attributes. Attributes recorded in each plot were: 
number of trees and shrubs by species; composition 
of ground cover species by major functional groups 
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(grasses, herbs and sedges; weeds and natives); and the 
percentage cover and biomass of the latter. Fifty 1.0 m2 
quadrats were sampled contiguously along the length 
of each transect to estimate seedling (non-resprouting 
plants <10 cm high) density. The biomass (Oven Dry 
Weight (ODW), t ha-1) of ground cover plants was es-
timated visually using a variation of the Comparative 
Yield technique (Haydock and Shaw 1975). Details of 
all survey methods are found in Bayliss et al. (2004a). 
Transects were sampled in two seasons, September 
2003 (late dry) and April 2004 (late wet).
Soil seedbank   Soil samples for seedbank germina-
tion trials were collected in the top 2.5 cm of soil. 
Details of the collection and germination methods are 
outlined in Manning (2004).
Analysis   Fixed factor ANOVAs were used to con-
trast species richness, percentage cover and biomass 
between Location, Season and Plant Functional Group 
(hereafter Plant Group). Input data were mean plot 
values per transect. Data were examined for homo-
geneity of variances, normality and graphically for 
outliers (Zar 1974). Non-normal ordinal data were 
transformed using natural logarithms and percentages 
arcsine transformed (Zar 1974). Linear regression 
analysis was used to predict relationships between 
variables of interest.
RESULTS
Species composition   A total of 121 ground cover 
species were recorded in the wet season compared to 
85 in the dry season. Of these 34 (28%) were grasses, 
73 herbs (60%) and 14 (12%) sedges. There were 11 
(32%) weed grasses, 17 (23%) weed herbs and no weed 
sedges. Weeds comprised 48% of all species on mine 
sites in the wet seasons and 55% of ground cover spe-
cies. In contrast, only three weed species were found 
on adjacent natural reference sites comprising 0.2% 
of ground cover.
The mean number of ground cover species per 
transect differed significantly between Season, Lo-
cation (mine vs. reference sites) and Plant Group 
(grasses, herbs and sedges; weeds vs. natives). How-
ever, the interaction term between all three factors was 
significant (F3/128 = 17.9, P <0.001), suggesting that 
differences within a factor will depend on the levels 
of the other factors, and are examined below. 
Twice as many native grass species were found on 
reference sites than mine sites in both seasons (4.8 cf. 
2.4; F1/32 = 46.6, P <0.001) and, similarly, five times 
more native herb species (9.9 cf. 2.0; F1/32 = 17.67, P 
<0.001). While no grass weed species were found on 
reference sites in the dry season, a trace amount (<1% 
cover) of annual mission grass (P. pedicellatum) was 
found in the riparian site in the wet season. Three 
times more herb species (natives and weeds) were 
found on reference sites in the wet season compared 
to the dry season (9.4 cf. 2.8; F1/22 = 9.88, P = 0.005). 
In contrast, there were no seasonal differences on mine 
sites (2.3 cf. 2.6).
Biomass   Percentage ground cover was used to es-
timate biomass and strongly correlated, hence only 
biomass results are reported. Across Location and 
Season grass biomass was 13 times greater than herb 
biomass, and herb biomass was six times greater 
than sedge biomass. However, biomass differed by 
factors Season (dry vs. wet), Location (mine sites vs. 
reference sites) and Plant Group (grasses, herbs and 
sedges) with significant interactions. Mean biomass 
was similar between locations during the wet season, 
but 2.2 times greater on mine sites than reference sites 
in the dry season (1.9 cf. 0.88 t ha-1 ODW).
Reference sites had 2.4 times more native grass 
biomass in the wet season than the dry season (6.2 
cf. 2.6 t ha-1; F1/10 = 5.89, P = 0.036; Figure 1) and, in 
contrast, mine sites had 4.7 times more native grass 
biomass in the wet season than the dry season (1.4 
cf. 0.3 t ha-1; F1/22 = 4.39, P <0.05; Figure 1). Mine 
sites had similar amounts of weed grass biomass in 
both seasons (5.2 and 4.8 t ha-1 for the wet and dry 
seasons, respectively; Figure 1), and there was 5.5 
times more native grass biomass on reference sites 
compared to mine sites (4.9 cf. 0.8 t ha-1; F1/34 = 20.15, 
P <0.001; Figure 1). In contrast, reference sites were 
largely free of weed grasses that typify the minesite 
(<0.001 t ha-1). 
Figure 1.   Comparison between mean biomass of 
grasses per transect (ODW, t ha-1) between Season 
(dry vs. wet), Location (reference vs. mine sites) and 
Plant Group (NG native vs. WG weed). Vertical lines 
are standard errors.
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In the late dry season, when risk from fire is 
greatest, mine sites had twice the biomass of grasses 
than reference sites (5.5 cf. 2.6 t ha-1; F1/16 = 8.16, P 
= 0.011) and 14.5 times more herb biomass (0.28 cf. 
0.02 t ha-1; F1/33 = 8.48, P = 0.01). Grasses contributed 
most to ground cover biomass and comprised four 
dominant taxa: native spear grasses (Heteropogon 
triticeus (R.Br.) Stapf in eucalypt woodland and H. 
contortus (L.) Beauv. ex Roemer & J.A.Schultes in 
wetter sites); mission grass weed (P. polystachion 
and P. pedicellatum); para grass weed (U. mutica); 
and Rhodes feather top weed (C. virgata). The latter 
two grass weeds were introduced for revegetation. 
Although there were similar amounts of grass biomass 
between reference sites and mine sites across seasons, 
there were extreme differences in contributions from 
native and weed species. Reference sites had similar 
biomasses of native spear grass (~2.5 t ha-1). In con-
trast, reference sites had 89 times more native spear 
grass biomass than mine sites (2.49 cf. 0.03 t ha-1; 
F1/16 = 22.2, P <0.001) and no grass weeds. On mine 
sites mission grass had the most biomass (3.9 t ha-1), 
followed by para grass (0.5 t ha-1) and Rhodes feather 
top grass (0.5 t ha-1).
Relationship between weeds and natives   Only dry 
season data are analysed here as canopy species were 
not resampled in the wet season. There was a negative 
correlation between the number of native and weed 
ground cover species across all mine sites (Figure 
2). A negative correlation was found also between 
the cover of weeds and the cover of natives plants in 
transect plots (R2 = 47.9%, n = 18, P <0.001) across all 
sites. There was also a negative correlation between the 
ground cover of weeds and the total density of trees and 
shrubs (Figure 3). One outlier (transect 6, evaporation 
pond 1) was excluded because the highest abundance 
of para grass (~90% cover) co-occurred with the high-
est density of Melaleucas, a situation that also occurs 
on the Magela floodplain (unpublished data). 
Woody seedling recruitment   In the dry season, 
high densities of woody seedlings were found on 
reference sites (riparian: 49 ± 23 seedlings transect-1; 
woodland: 13 ± 6 seedlings transect-1). In contrast, no 
woody seedlings were found on mine sites indicating 
very little recruitment of canopy species. Additionally, 
no woody seedlings were found on mine sites during 
the wet season. At least six species of canopy plants 
were identified.
Soil seedbank   The mine sites had a vastly greater soil 
seedbank compared to reference sites, which generally 
consisted of seeds of introduced weed species (72% 
of total cf. 10% for reference sites, Table 1). One of 
the two reference sites had no weed seeds present. 
Although mine sites also had a larger native seedbank, 
this was dominated by seeds of a few native ruderal 
species. Although only a few square meters of soil 
were sampled, it contained seeds of 22 of the 27 weed 
species found in vegetation surveys. Mission grasses 
dominated the soil seedbank on mine sites.
Figure 3.   Relationship between mean cover of 
weeds (WC%) per transect and the corresponding 
total density (TS ha-1) of trees and shrubs. Data from 
T6 on EP1 are excluded (triangle, see text). Nabarlek, 
September 2003.
Table 1.   The mean total and weed soil seedbank on 
Nabarlek mine sites (n = 4) and adjacent reference 
sites (n = 2) (from Manning 2004).
Mean soil seed bank density 
(seeds m-2 ± SE)
Class Mine sites Reference sites
Mean total seed 2208 (965) 49 (6)
Mean weed seeds 1518 (531) 5 (5)
Figure 2.   Regression relationship between the 
number of native and weed species found on transect 
plots across all sites. Nabarlek, September 2003.
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DISCUSSION
The revegetation of Nabarlek has been unsuccessful 
with respect to the original objective of blending in 
with the surrounding woodland, although 10 years has 
elapsed since seeding in 1995 (Bayliss et al. 2004a, 
2004b). Minesite vegetation is characterised by grassy 
weeds, a concomitant high fire risk (Rossiter et al. 
2003), a senescing acacia shrubland nearing the end 
of its life, and very little woody recruitment because 
of a low density of mature trees (Bayliss et al. 2004a, 
2004b). This suggests that woody plant density is 
unlikely to increase in the short term and may well 
decrease as a result of losses due to fire. Fuel loads 
across the minesite from weed grasses (esp. mis-
sion grass) remain extremely high and, hence, grass 
weeds negatively impact on native seedling growth 
and survival through competition for resources and 
fire hazard.
The Nabarlek Traditional Owners (via the Demed 
Association) manage vegetation on the minesite by 
replanting canopy species and undertaking weed and 
fire control. Demed adopt a pragmatic weed control 
strategy that focuses on replanting canopy species to 
suppress weed cover in the long-term, and control-
ling new aggressive species that have the potential to 
become major problems. However, they lack resources 
to manage abundant weed grasses across the entire 
minesite and to simultaneously increase replanting 
rate. Investments in revegetation, therefore, will 
remain at risk from uncontrolled fires until a safe 
‘threshold’ is reached in terms of increased height of 
saplings, the extent of revegetation and thus a reduc-
tion in fuel load from grassy weeds. Since vegetation 
surveys commenced in September 2004, extensive 
fires have occurred across the minesite in June 2004 
(ERISS unpublished data) and November 2005 (Smith 
2005). The first fire stopped short of the evaporation 
ponds area that contains most of the revegetation plots, 
whilst the second fire did significant damage. How-
ever, saplings that achieved a ‘safe’ height appear to be 
recovering well (Smith 2005). Regardless, after both 
fire events mission grass and other weeds recovered 
quickly because of the huge weed seedbank in the soil 
(Manning 2004, Smith 2005). Hence, weeds are likely 
to persist at the site necessitating a reduction in both 
growing weeds and the soil weed seedbank. 
Revegetation remains the principal ongoing reha-
bilitation issue at Nabarlek, particularly the negative 
and costly impacts that weeds have on achieving suc-
cess. Management options for a new revegetation plan 
are being developed and will integrate fire, weed and 
replanting strategies. The negative correlation between 
the ground cover of weeds and total tree and shrub 
density suggests that weeds could be suppressed on 
the minesite by successful succession of vegetation 
from shrubland-grassland to woodland (but the reverse 
could apply also whereby tree density is suppressed 
by high weed cover). Close monitoring of agreed 
performance criteria is essential. 
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